This paper introduces some experiences with developing mobile phone demonstrator applications for water quality information management using the Google Android platform. The work presented is part of an EU research project named LENVIS (Localised ENVironmental and health Information Services for all). The applications are focused on delivery of water quality information related to outdoor bathing waters in two case study areas in the Netherlands. Both monitored and modelled water quality information is delivered via mobile phone applications that are integrated with web applications. The applications also have functionalities for collecting user feedback on bathing water quality from the field and integrating it with the information provided by the water management authorities. Initial test results of the applications with targeted user groups are also presented, which demonstrate the promising potential of this technology for water quality information management applications and they indicate potential use in other application areas. Key words | Android, bathing, citizen involvement, mobile phone, swimming, water quality flood forecasting (Naz ), or use of mobile phone web browsers for applications in support of field sampling of data (Fenrich et al. ). Since the introduction of the third generation of mobile phone networks (3G) a multitude of possibilities has been opened in addition to the wireless telephony, such as video calls, broadband wireless data transmission, and locationbased services enabled via Global Positioning System (GPS). This has enabled the integration of the mobile environment with the Internet and the development of a new brand of integrated web-mobile phone applications. The mobile devices capable of utilising this new environment are known as 'smart phones'. Several different operating systems (platforms) for smart phones are currently competing on the market such as Symbian, RIM Blackberry, Windows Mobile, iPhone OS and the Google Android platform. These technologies offer new possibilities for hydroinformatics applications development by which localised information on the state of the water and environmental systems can easily and effectively be delivered to a large user base, including ordinary citizens.
INTRODUCTION
The explosive growth of mobile phone usage, together with the increasing power, capabilities and sophistication of the actual mobile phone devices has opened new opportunities for developing hydroinformatics applications oriented towards a very broad user base. While such applications can be developed for water systems managers in support of their operational activities, the greatest potential is in fact in the area of developing applications for the broadest user base of individual citizens. These users are seen not only as recipients of knowledge, but also as suppliers of information which can bring added value, if properly assimilated in the overall information system in question.
Prospects for usage of mobile phones in hydroinformatics applications for large user bases were presented in Abbott & Jonoski () . A number of demonstrator applications have recently been developed, such as usage of SMS messaging for operational interventions in water supply systems (Segura ) , usage of Java Midlets technology (J2ME) for At the same time, these users can contribute by providing information via the same mobile phone devices (see van Geen et al. () for an example related to water well contamination). The potential of using environmental information provided by concerned citizens has already been widely recognised. Developments in which information provided by citizens is used for better understanding and management of environmental systems have been recently described using the term 'citizens science' (Paulos et al. ) .
This article demonstrates the potential of using mobile phones for bi-directional information provision on water quality of surface waters, primarily used for recreational activities such as swimming and bathing. Authorities responsible for water quality monitoring and management (with responsibilities for issuing water quality alerts) provide official monitored and modelled water quality data via mobile phone applications to citizens, and citizens provide realtime feedback information using the same phone application. The applications have been developed for case studies in the Netherlands, within the framework of an EU research project named LENVIS (Localised ENVironmental and health Information Services for allwww. lenvis.eu), using the Google Android platform, which has become increasingly popular and available on many mobile devices. The work presented here is a revised extension of the material provided in Jonoski & Almoradie () .
The structure of the article is organised as follows: a short overview of the Google Android platform and its main advantages is given, followed by presentation of environmental water quality issues where citizens' involvement may be beneficial from a European perspective, and especially with respect to the Netherlands. Then a short description of the LENVIS project and the two case studies is provided. The actual mobile phone applications and their integration with associated web browser applications are then described, which is followed by the results from testing of the applications carried out by end users and finally the concluding section. Although in the beginning the platform had a relatively small share of the mobile phone market of only a few percent, it has seen an explosive growth in recent years. The leading smart phone operating system in terms of diversity and sophistication of applications development is currently iPhone OS, but Android is probably the most serious challenger of iPhone OS on this front. The primary reason for this is the fact that Android is an open source platform, which is increasingly being adopted by many different mobile phone producers. Samsung, HTC and Motorola are among the big manufacturers who have decided to adopt this platform for their devices. Consequently, as from the second half of 2011, Android has become the most widespread mobile phone platform in the world. In comparing smart phone manufacturers, Apple's iPhone is still leading ahead of Samsung and HTC, but in terms of the market share of the operating systems Android already has 54% (Millennial Media ).
GOOGLE ANDROID PLATFORM
The popularity of Android for mobile phones comes from the facts that it is an open source platform, the use of Java as a programming language for Android, and the easy deployment of applications on mobile devices by making use of the Android market. This last aspect has proved to be particularly beneficial for developers since they can offer consumer applications which can be either free or at a cost. Currently, the Android market offers hundreds of thousands of applications to consumers who have Androidenabled phones. On this front, the leader is still iPhone with more than half a million applications offered via their App Store, but the expectations are that the higher rate of growth of Android may soon close this gap. Even though the competition in this area is fierce, with many uncertainties, the Android platform needs to be seriously considered as potentially one of the dominant platforms in the future.
The Android platform is in fact a software stack composed of operating system, middleware and key applications. The underlying operating system is a version of Java applications are run by a Dalvik virtual machine, which is a version of a Java virtual machine, although with some modifications for optimised performance on mobile devices.
The Android platform comes with Application Programming Interface (API), which is used by other developers to develop their own applications that can then be deployed on the mobile device. Given all the advantages of Android presented above, the applications presented in this article were developed with this platform.
WATER QUALITY INFORMATION AND CITIZEN INVOLVEMENT
In recent years, the European Union has increased its level of attention to the collection, provision, and usage of environmental information. The diversity of environmental information, such as soil quality, air quality, water quality, etc., is reflected in the departmentalisation of institutions responsible for collecting and providing environmental data. While this may be understandable from an organisational point of view, it has been realised that for the broadest user base of concerned citizens such information needs to be provided in a different manner. The main area of concern for citizens is human health, but also health of ecosystems that are dependent on environmental conditions. In addition to this, citizens as end users increasingly demand such information to be localised for any area of interest and readily available at any time.
These demands have presented new challenges to organisations responsible for the collection and provision of environmental data, and to those that are responsible for the management of environmental resources. These challenges require improved inter-agency cooperation, and maximisation of the potential benefits that can be provided by the latest advances of Information and Communication Technologies (ICTs). However, it is also realised that meeting the new requirements needs active engagement of the end usersconcerned citizens themselves. Their contributions become invaluable for both proper contextualisation of environmental data and for provision of timely and localised information. The final goal is to improve environmental management by enabling the integration of the structured information coming from responsible institutions with less structured information provided by the citizens as end users.
One of the main concerns for citizens is environmental water quality, which is also the main focus of this article.
Water quality in general, and bathing water quality in particular, are mainly threatened by algae and external inflow of polluted water. The algae concentration is usually monitored by a number of point measurements in some of the bathing lakes and water bodies. The monitoring of water quality of the connected canals and streams, which discharge into bathing waters, is in general quite limited, and the progression of polluted water towards the bathing water is seldom analysed and modelled.
In the Netherlands, water quality alerts are provided by the regional authorities (Provinces, Water Boards) and the national government using notice signs on location and news items on radio, television, websites and TV-text. The notice signs are often missed, or actively ignored by bathers, and the effectiveness of warnings on websites depends on whether or not the bather checks the website before going for a swim. As such provision of warnings through websites is a passive way of alerting. SMS alert services for bathing water quality are not yet offered. The decisions by the authorities on issuing warnings for bad water quality or even closing a particular location also has an economic impact for the private owners of these bathing waters. Up-to-date information on good water quality, e.g. on a website, could be beneficial for a beach exploiter in the sense that it could increase the number of visitors, but similar information on poor water quality may sharply reduce the number of visitors. Providing such information is fully justified from a health safety point of view. However, even in cases when the poor water quality is a result of an extraordinary incident and the water quality is subsequently restored, visitors may continue avoiding the location in question even for several seasons. Therefore, beach owners and exploiters are stakeholders strongly interested in timely, accurate and continuous provision of water quality information. their usefulness and real contribution to providing actual status of bathing water quality necessitates their validation by a much denser observation network and more frequent observations in time, which significantly increases the costs for monitoring. One way to reduce these costs is to obtain assistance from citizens and to make use of the observations of bathers who can provide real-time information to professional users, to improve their models and forecasts.
DEMONSTRATION CASE STUDIES

LENVIS project
The LENVIS project has been initiated with the aim of developing a collaborative decision support network of services for combined provision of environmental and health information to public authorities and citizens. The following section will present the description of the two case studies in terms of water quality problems and the approach taken to address these problems, including modelling support. Presenting details of the models is beyond the scope of this paper since the main focus of the paper is on the mobile phone and web applications that were developed for accessing the results of the models.
The Dommel catchment
The Dommel river is a tributary of the river Maas, and it flows A bathing water quality alert in Lake Binnenschelde is maintained with respect to the presence of blue algae, which is one kind of cyano-bacteria and is measured by the concentration of microcystine in cells ml À1 or in μg l À1 .
High concentrations of these blue algae create a visible layer on the water surface, and beyond certain levels the water may be toxic for bathers. Visualisation of some of the steps described above is presented in Figure 4 . feedback can then be presented on a comprehensive website, which can be accessed by people interested in visiting the lakes in the area. The same information from that website can then also be viewed via the mobile phone itself.
As indicated in Figure 5 , the steps in using the application are very similar to the previous case, except that the data come from databases of measured data and not from model results.
Only for one lakethe Binnescheldesuch data are also available from the developed MOHID model described in the Brabantse Delta case study.
The interface for provision of user feedback is currently only for textual information (Figure 6(a) ). This information as provided by the users/citizens appears on a dedicated website together with all other relevant water quality information for the area provided by the authorities (see the following section).
An interesting additional functionality included in the application is presentation of the relevant points with water quality information within an 'augmented reality browser' named 'Layar'. The Layar enables visualisation of the information embedded in the natural landscape as seen via the phone camera. The Layar utilises the phone compass and the GPS coordinates of the current location 
RESULTS FROM USER TESTING OF THE APPLICATIONS
The applications presented in this paper have been evaluated and validated by both public and professional users. and unstructured mobile phone feedback applications were considered very useful. It was suggested to show more clearly whether the feedback was submitted and received successfully or not (yet), e.g. using progress indicators. Also the Android G1
phone's touch screen was not easy to use directly by a number of users. This is considered normal, and users soon adapt after having used their own smart-phone for a while.
Validation of the water quality website through questionnaires evaluated five indicators: system quality, information quality, user impact, user satisfaction, and information use. Validation results of these five indicators, by public and professional users are presented in Figures 9 and 10, respectively. The scale used for representation is 1-5 (1the lowest value, 5the highest value).
The overall evaluation is positive. Members of all user groups have expressed their clear appreciation for the integrated web-system, and in particular for the mobile applications.
CONCLUSIONS
The presented study demonstrates the benefits of using The applications presented in this paper have been successfully tested for their designed functionalities and their usability has been evaluated by a set of tests organised with professional and public users. The overall evaluation of the applications is quite positive, even though a number of possible improvements and directions for future development have been indicated by these user groups.
The study also showed that the Android platform can be used quite successfully for developing hydroinformatics applications. In the presented applications, only a very limited number of the potential functionalities available in Android have been tested. In future, much more sophisticated applications can be developed in more diverse application areas, such as floods and emergency management, drinking water quality and quantity, and other environmental problems.
The field of hydroinformatics needs to embrace mobile phone applications development much more openly as the opportunities offered by these technologies are truly unprecedented. More platforms need to be tested but, more importantly, more diverse networked applications need to be developed, which have the advantage of both collecting and delivering useful information from/at the end nodes of the network, where individual citizens are located and where such information has the greatest value.
